The accelerating effect of cationic substances on DNA strand exchange reaction between 20 bp DNA duplex and its complementary single strand was studied. A comb-type polycationic copolymer which is composed of poly (L-lysine) backbone and dextran graft chain (PLLg-Dex) and known to stabilize triplex DNA expedites the strand exchange reaction under physiological relevant conditions.
INTRODUCTION
DNA strand exchange between ssDNA and duplex DNA is pivotal process in the repair of DNA damage and genetic recombination. '' 3 Strand exchange involves tri-molecular intermediate that is unstable owing partly to accumulation of phosphate anions. 4 ' 5 We have previously reported that polycation comb-type copolymer (PLL-g-Dex ) having hydrophilic side chains promotes and stabilizes duplex and triplex DNA formation by reducing the counterion condensation effect accompanying with duplex or triplex formation. The copolymer-mediated triplex formation is attributed to reducing electrostatic obstacle associated in duplex and triplex DNA formation. We hypothesized that the polycation copolymer could also accelerate the strand exchange reaction between ssDNA and dsDNA through stabilization of the strand exchange intermediates. In this report, we have tested to see if PLL-g-Dex copolymer would accelerate strand exchange between DNA duplex and its complementary ssDNA.
MATERIALS AND METHODS
Materials : Oligonucleotides (ODNs) were purchased from Grainers Japan Co. (Tokyo, Japan) and purified by HPLC. HPLC Purification was performed on a Wacosil DNA column (Wako Pure Chemical Industries, Ltd., Osaka, Japan) in TEAA (triethylammine / acetonitrile) mobile phase using acetonitrile gradient from 5% to 30%, pH 7.0, flow rates of 1 ml / min. MALDI-TOF mass spectra were obtained using a Voyager-DE workstation (PerSeptive Biosystems Inc., Massachusetts, USA).
ODNs were dissolved in 10 mM sodium phosphate buffer (0.5 mM EDTA, 150 mM NaCl, pH 7.2) and their concentrations were determined by UV spectroscopy (Beckman DU series 600). Fluorescently labeled DNA duplex was obtained by mixing fluorescein-labeled ODN and its complementary ODN in equimolar amounts and annealing at 95°C for 5 min, followed by slow cooling to room temperature over 12 h. Preparation, isolation, and characterization of the comb-type copolymers were described in detail previously. 6 ' 8 Structural formula of the polymer is given in Fig. 1 . Strand exchange assay : To 10 ul of PBS buffer, on ice, containing 15.4 pmol dsDNA was added 5 ul PBS with or without a cationic substance (the copolymer, spermine or CTAB). Strand exchange reaction was initiated by adding 5 ul PBS with complementary ODN (77 pmol) which has the same sequence to F-ODN of the duplex.
The polymer/DNA ([amino groupsl^poi^er / [phosphate groups] DNA ) charge ratio was kept constant at two throughout this study. After incubation for various time periods at 15°C, the reaction was stopped by chilling samples on ice and analyzed on 13% PAGE. To the samples were added 3jal loading buffer (60% glycerol solution containing xylene cyanol) and were directly loaded onto a 13% poly aery 1 amide gel prepared in TBE buffer (90mM Tris-borate, 0.5M EDTA, pH 8.3).
The electrophoresis was run at lOOV/cm for 2 h at 4 °C. If cationic substance was added in the reactions during incubation, 5 u\ of respective buffer with salmon sperm DNA (or SDS for CTAB) was also added to dissociate the cationic substance from DNA before electrophoresis. The amount of F-ODN in each band was quantified with Biofil Bioimage Analyser (VILBER LOURMAT, France).
RESULTS AND DISCUSSION
The exchange reaction in the presence of the copolymer was almost completed by 6h incubation, while no exchange reaction was observed in the absence of the copolymer. The time course of strand exchange in the absence or presence of PLL-g-Dex copolymer at 15°C is depicted in Fig.  2 and the initial exchange rates were determined by pseudofirst order kinetic analysis. The copolymer increased the exchange rate by more than 300-fold. The accelerating efficiency of the copolymer was, then, compared with that of spermine or CTAB. Detectable acceleration effect on the strand exchange reaction is seen for CTAB but not for spermine while the copolymer shows the pronounced effect. Spermine is known to stabilize Py • Pu : Py motif triplex moderately under physiological ionic environment, but it scarcely accelerates strand exchange reaction. Similarly, CTAB which was reported to expedite renaturation of complementary DNA strands significantly 5 is not effective in accelerating the strand exchange. Stabilization of strand exchange intermediates consisting of the parent duplex and the single strand by the copolymer may be accounted for the observed acceleration behavior. 
